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ABSTRACT 
Tapah kaolin is widely used in ceramics industry and as construction materials. 
Kaolin commonly known as one type of clay because of the kaolinite mineral in it. 
Different type of clay has different behavior depend on its index and engineering 
properties. The properties of soil are depending on the type of fortrtation and the 
geological area. The objectives of this report are to determine the index and 
engineering properties ofTapah kaolin and determine the soil distribution of kaolin in 
Tapah. Four soil samples are taken from Associated Kaolin Industries Sdn. Bhd in 
Tapah, Petak. Laoofatoty experiments, which are sieve analysis, hydrometer analysis, 
particle density and vane shear test, were carried out on four soil samples taken from 
the study area. The results indiCated that the soil iri the studied area is ptedofuiriaiitly 
sand. The samples are classified as silty sand and sandy clay. As for the engineering 
properties, the soil is low in iliidrained shear strength oetweeri 12.5 to 2§ kpa. The 
condition of soil is soft due to low cohesiveness of soil since the soil contains more 
sand. The formation is resulted from the hydrothermal alteration of the metasediments 
and granite because the samples collected are located in granitoids area. 
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1.1 Background of Study 
CHAPTER I 
INTRODUCTION 
Clay minerals are an important group of minerals because they are among the most 
common products of chemical weathering, and thus are the main co1'}stituents of the 
fine-grained sedimentary rocks called mud rocks (including mudstones, claystones, 
and shale's). Clay mirtetals make up about 40% of the rtiihetals in sedimentary rocks. 
Clay might consist one of the three important clay minerals which are Kaolinite, lllite 
and Montmorillonite. Cla.y minerals ate used extensively in the cerilrtiics industry and 
are thus important economic minerals. Tapah Kaolin soil which is used in this study 
contain kaolinite mirtetal that have been extensively used in making ceramics, mosaic 
tiles, sanitarywares, fillers for the paper, paint and fertilizer industries. The studies 
covet the Tapah area olily due to rttill1erous number of Kaolin industries there. 
1.2 Problem Statement 
Different type of clay has different behavior depend on its index and engineering 
properties. Strength, stiffuess, flow and particle distribution may give impact to the 
construction and structure performance. Among the three clay minerals, Kaolinite has 
greater shear strength as compared to the other minerals. However the formation of 
clay is different in every region. This may results in different of soil properties. 
Moreover, lack of kaolin data is provided for Tapah atea and hence difficult for other 
(e.g. engineers, developers) to know the properties of the soil. This study is essential 
to know the behavior artd properties of Kaolin soil which cart be used in the solution 
of geotechnical and geoenvironmental problems. 
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1.3 Objective and Scope of Study 
1.3.1 Objectives 
• To investigate the index properties ofTapah Kaolin soil. 
• To determine the shear strength of soiL 
• To determine the particle size distribution of Kaolin soil in Tapah. 
1.3.2 Scope of Study 
This study focuses on determination of the kaolin soil characteristic. The soil 
used is kaolin soil which was taken from Associated Kaolin Industries Sdn 
Bhd. mines in Tapah, Perak (refer to Appendix A). Tapah is choose as the 
investigated area due to numerous numbers of kaolin mines and to compare 
the data obtain with other researcher. All the testing for this study is 





Kaolin also known as china clay is a mixture of different minerals. The main 
component of kaolin clay is kaolinite. The name "kaolin" is derived from the word 
Kau-Ling, or high ridge, the name given to a hill near Jau-chau Fu, China, where 
kaolin was first mined (Sepulveda et al., 1983). Kaolin, commonly referred to as 
china clay, is clay that contains 10-95% of the mineral kaolinite and usually consists 
mainly of kaolinite (85-95% ). In addition to kaolinite, kaolin usually contains quartz 
and mica, feldspar, illite, montmorillonite, ilmenite, anastase, haematite, bauxite, 
zircon, rutile, kyanite, sillitninate, graphite, attapulgite, and halloysite. Some clay 
used for purposes similar to those for which kaolin is used may contain substantial 
amounts of quartz: "kaolin-like" clays \lsed in South AfriCan pottery contained 23-
58% quartz and, as the other major constituent, 20-36% kaolinite (Rees eta!., 1992). 
2.2 Minerals 
2.2.1 Mineral Composition in Kaolin 
Kaolinite is made up of tiny sheets of triclinic crystals with pseudohexagonal 
morphology. The structure of kaolinite is a tetrahedral silica sheet alternating with an 
octahedral alumina sheet. These sheets are arranged so that the tips of the silica 
tetrahedrons and the adjacent layers of the octahedral sheet form a common layer 
(Grim, 1968). In the layer common to the octahedral and tetrahedral groups, two-
thirds of the oxygen atoms are shared by the silicon and al\lminium, and then they 
become o· instead of ow. The charges within the structural unit are balanced. 
Analyses of many samples of kaolinite minerals have shown that there is very little 
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substitution in the lattice (Grim, 1968). The molecular formula that is common for the 
. kaoliiiite group (kaolinite, rtacrite, diCkite) is AhSi20 5(0H)4 (Grim, 1968). Kaolinite, 
the main constituent of kaolin, is formed by rock weathering. It is white, greyish-
white, or slightly coloured. It is made up of tiny, thin, pseudohexagortal, flexible 
sheets of triclinic crystal with a diameter of 0.2-12 f!m. It has a density of 2.1-2.6 
g/cm3• The cation exchange capacity of kaolinite is considerably less than that of 
montmorillonite, in the order of2-l0 meq/100 g, depending on the particle size, but 




Figure 2.1 : Diagram structures of kaolinite 
Figure 2.2 : Crystal structure of kaolin (SMI Analytical Laboratory service) 
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Figure 2.2 shows a model of a Kaolin Crystal viewed from different angles, showing 
its structure. Kaolin minerals form plate like structures which are visible by Electron 
Microscopy. 
2.3 Index Properties of Kaolin Soil 
The index properties of kaolin cover the Atterberg limit (plastic and liquid limit of 
soil), particle size and specific gravity. 
2.3.1 Atterberg Limits 
Atterberg limit provide an indirect measure of the relationship between composition 
and properties of fine grained soil. Atterberg limits have an extensive use in 
geotechnical engineering for identification, description and classification of soils as a 
basis for preliminary assessment of their mechanical properties. This was indicated by 
Terzaghi (1925) when he noted, "the results of simplified soil tests (Atterberg limits) 
depend precisely on the same physical factors which determine the resistance and the 
permeability of soils (shape of particles, effective size, uniformity) only in a far more 
complex manner." Casagrande developed a standard device fot determination of the 
liquid limit and noted that the nonclay minerals quartz and feldspar did not develop 
plastic mixtures with water, even when ground to sizes less than 2f.lill further studies 
led to the formation of a soil classification system based on the Atterberg limits for 
identification of cohesive soils (Casagrande, 1948). This system was adopted, with 
minor modification, as a part of the Unified Classification System. Although both the 
liquid and plastic limits are easily determined quantities and their qualitative 
correlations with soil composition and physical properties have been quite well 
established, fundamental interpretations of the limits and quantitative relationships 
betwe~n their values and compositional factors are more complex. 
2.3.1.1 Liquid limit 
Liquid limit test is analogous to a dynamic shear test. Casagrande (1932) realize that 
the liquid limit corresponds approximately to a water content at which a soil has shear 
strength of about 2.5 kPa. Later studies have indicated that the liquid limit for all fille-
grained soil corresponds to shearing resistance of about 1.7-2.0 kPa and a pore water 
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suction of about 6 kPa (Whyte, 1982).The approximately equal strengths, pore water 
suctions and hydtatilic conductivities for all clays at the liquid limit can be explained 
by the concepts that: 
1. The aggregates are the basic units that interact to develop the 
strefigth;i.e., the aggregates act somewhat like single particles 
n. The average adsorbed water layer thickness about the same for all 
particle surfaces 
m. The average size of intercluster pores is the same for all clays 
Concept (ii) provides the key to why the different clays have different values ofliquid 
limit. All clays have essentially the same surface structures; i.e., a layer of oxygen 
coordinated octahedrally with aluminium or magnesium. The forces of interaction 
between these surfaces and absorbed water should be the same for the different Clay 
minerals. Thus the amount of water absorbed per unit area of surfaces that 
corresponds to a pore water suction of 6 kPa shotild be about the same. This means 
the greater the specific surface, the greater the total amount of water required to 
satisfY the conditions at the liquid lintit. As for kaolin soil the typical liquid limit 
range or moisture content is between 35 to 100% (Grim, 1982). 
2.3.1.2 Plastic limit 
The plastic limit has been interpreted as the water content below which the physical 
properties of the water no longer correspond to those of free water (Terzaghi, 1925) 
and as the lowest water content at which the cohesion between particles ot groups of 
particles is sufficiently low to allow movement, but sufficiently high to allow 
particles to maintain the motilded positions (Yong and Warkentin, 1966). Whatever 
the structural status of the water and the nature of the interparticle forces, the plastic 
limit is the lower boundary range of water contents within which the soils exhibits 
plastic behavior; that is above the plastic limit of soil can be deformed without 
voltithe change or cracking and will retain its deformed shape. As for kaolin the 
typical plastic limit range is between 20 to 40% (Grim, 1982). 
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2.3.2 Particle Size and Shape 
Clayey soils contain a considerably amount of finely dispersed clayey particles less 
than 0.002mm in size (Das, 2002). These particles impart a number of specific 
properties to clayey soils, of which cohesiveness is the most important. Table 2.1 
shows that, most countries included Malaysia had particle sizes less than 2J.UI1. 
Particles of kaolinite are relatively large, thick and stiff. Figure 2.3 shows the 
thickness and shape of Tapah kaolin observe from scanning electrOrt microscopy 
(SEM). 
Figure 2.3 : SEM ofTapah kaolin (5J.lm) 
2.3.3 Specific Gravity 
Specific gravity is defined as the ratio of the unit weight of a given material to the 
unit weight of water. It can be determined accurately in the laboratory. Most of the 
common minerals specific gravity falls within a range of2.6 to 2.9, where the specific 
gravity for kaolinite is 2.6 (Das, 2002). The specific gravity of solids of light colored 
sand, which is mostly made of quartz, may be estimated to be about 2.65; for clayey 
and silty soils, it may Vary from 2.6 to 2.9 (Grim, 1982). 
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2.4 Shear Strength of Soil 
The shear strength of a soil mass is the internal resistance per unit area that the soil 
mass can offer to resist failure and sliding along any plane inside it. The soil with the 
higher percentage of iilite or kaolinite clay has greater shear strength than a soil with 
a significant amount of montmorillonite clay (Das, 2002). It needs to be well 
recognized that the presence of clay minerals in a soil aggregate has a great influence 
on the engineering properties of the soil as whole. When moisture is present, the 
engineering behavior of soil will change greatly as the percentage of clay mineral 
content increase. For all practical purposes, when the Clay content is about 50% or 
more, the sand and silt particles float in a clay matrix and the clay mineral primarily 
dictate the engineering properties of soil (Grim, 1982). 
2.5 Classification of Soil 
Soil can be classified as either granular or cohesive. The classification systems take 
into account such factors as particle sizes, grain-size distribution, and the effect of 
moisture on the soil. Because of the wide variations among soils that might be 
ertcolihtered on a specific job site, soil testing is wise and usually mandated. There are 
three (3) standards usually used to classified soils which are BSCS, AASHTO and 
USCS that have different criteria to classified soil. However these three standards will 
lead to the same result. 
2.5.1 The British Soil Classifrcation System for Engineering Purposes (BSCS) 
Any soil can be placed in one of a number of soil groups on the basis of the grading 
of the constituent particles, and the plasticity of that fraction of the material passing a 
425J.1m BS sieve. This may be done on the basis of estimation (field) or from 
laboratory test. For more detailed classification, the groups may be divided into sub-
groups on the basis of laboratory test. The classification is carried out on material 
nominally filler than 60 11l11l, coarser material consisting of boulders ( 60 in11l to 200 
mm) and cobbles (over 200 mm). 
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2.5.2 AASHTO Classification System 
1. Grain size 
• Gravel: fraction passing the 75 nun (3-in.) sieve and retained on the No. 
10 (2 nun) U.S sieve 
• Sand: fraction passing the No. 10 (2nun) U.S sieve and retained on the No. 
200 (O.o75 nun) U.S sieve 
• Silt and clay: fraction passing the No. 200 U.S sieve 
u. Plasticity 
iii. If cobbles and bolllders (site Hu-ger than 75mm) are ertcolintered, they are 
excluded from the portion of the soil sample from which classification is 
made. However, the percentage of such material is reeotded. 
2.5.3 Unified Soil Classification System (USCS) 
The soils are divided into two categories: 
1. Coarse-grained soils that are gravelly and sandy in nature with less than SO% 
passing through the No. 200 sieve (that is, F200<50). The group symbols start 
with prefixes of either G or S. G stands for gravel or gravelly soil, and S for 
sand and sandy soil. 
ii. Fine-grained soils with 50% or more passing through the No. 200 sieve (that 
is, Fzoo>SO). The group symbols start with prefixes of M, which stands for 
inorganic silt, C for irtotgartic clay and 0 fot organic clays. The symbol Pt is 
used for peat, muck and other highly organic soils. 
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2.6 Formation of Kaolin Soil 
Kaolin formed in three ways which are; transformation of rocks due to climatic 
factors, transformation of rock due to hydrothermal effects and formation due to both 
effect. The type of clay mineral formed during the decay of rocks containing 
alillnirtiilln silicates is ittfluellced by the climate, the alutllinh.irlllsilicoll ratio, !llld pH. 
Conditions conducive for kaolinite formation are strong dissolution of Ca2+, Mg2+, 
and K+ ions and the presence ofH+ ions (pH 4--5) (Parker, 1988). 
Kaolin and the clay mineral kaolinite are natural components of the soil and occur 
Widely ill anibiellt air as floating dust. Kaolinite is fotrlled maillly by decomposition 
of feldspars (potassium feldspars), granite, and aluminium silicates. It is also not 
uncotnh:l.on to find kaolin deposited together with other minerals (illite, bentonite). 
The process of kaolin formation is called kaolinization (Grim, 1968). Due to 
weatherillg process, Clay is the residue of gtanite after it is weathered to s!llldy soils. 
Hence it gives greater shear strength to the soil and support steeper cut faces because 
of the cohesive nature of the clay. As dry clay absorbs water, its shear strength 
decreases because water films separate the clay particles and reduce its cohesive 
strertgth. However kaolinite provides stability to the soil even saturated. Because of 
the chemical weathering resistance and non-swelling nature they are the clay of 
choice ill ceramics !llld porcelain products. 
2.6.1 Formation of Tapah Kaolin 
The kaolin found in Tapah-Bidor is probably derived from hydrothermal alteration of 
the metasediments and granite due to the intrusion of a granitic stock near tapah, see 
appendix A(Zainol Abidin, 1991 ). 
Figure 2.4 show the investigated area in Tapah-Bidor map and Figure 2.5 is the 
enlargement of the kaolin mines. 
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Figure 2.4 : Tapah-Bidor map (Google earth 2007) 
Figure 2.5 : Enlargement of Investigated area (Google Earth 2007) 
11 
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3.1 Project identification 
CHAPTER3 
METHODOLOGY 
In this project, the methodologies are as below: 
Selection of project topic 
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Oral presentation 
Submission of final report 
13 
3.2 Collecting Samples 
Soil samples were collected randomly in four different areas at Associated kaolin 
Industries mines, refer to Appendix A. Four samples of disturbed and undisturbed 
kaolin soil were collected at 3m depth by using hand auger and with the help of 
backhoe. 
3.3 Laboratory Tests 
The properties determined were particle size distribution, Atterberg Limits (Plastic 
and liquid limit), particle density and shear strength of soil. 
3.3.1 Determination of Particle Size Distribution 
3.3.1.1 Dry sieving method (sieve analysis) 
After air drying, the kaolinite sample is weighted flrst. Since the sample is flne 
grained soil, sieves sizes 2mm, 1.18 iblh, 600 !lin, 425 J.lin, 300 f.ltll, 212 f.lhi, 150 
J.lm, 63 J.lm, lid and receiver was used. The sample was placed on the top sieve and 
the mechanical sieve Will shake it for 5 minutes. The amount retained on each sieves 
then is weighted. 
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3.3.1.2 Wet sieving method (hydrometer analysis) 
The silt/clay fraction is determined through the use of a hydrometer, while classes of 
sand are separated with sieves. The hydrometer method is a type of mechililical 
analysis that is based on the specific gravity of a sediment/fluid mixture. 
Figure 3.2 : Hydrometer analysis 
3.3.2 Determination of the Liquid Limit 
3.3.2.1 Cone Penetrometer method 
This method covers the determination of the liquid limit of a sample soil in its natural 
state or of a sample from whiCh material retained on a 425 !liD test sieve has been 
removed. 300 g of soil sample which passes the 425 11m test sieve is placed on the 
glass plate. Water is added and mixed for 10 minutes. A portion of the paste is placed 
in the brass cup and the tip of the cone is lowered to touches the surface of the soil. 
The release button is pressed fot 5 s and the controller will locked the cone shaft after 
5 s. The stem of the dial gauge is lowered to get contact with the cone shaft and the 
reading of the dial gauge is recorded. 
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Figure 3.3 : Kaolin sample in brass cup 
Figure 3.4 : Cone Penetrometer 
3.3.3 Determination of the Plastic Limit 
20 g of soil sample which passes the 425 1-1m test sieve is placed on the glass plate. 
Water is added and mixed thoroughly. The moist soil is mould into the ball with 
fingers tn equalize the distribution of moisture content Half of the ball is then rolled 
on a ground glass plate into ellipsoidal shaped and rolled until it breaks into several 
small pieces. The samples then is put into the container and placed in the oven for 24 
hours. 
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3.3.4 Determination of Particle Density 
The value of particle density of soil is determined by using pyknometer method. 
Small pyknometer method is used for soils consisting of clay silts and sand sized 
particles. 
3.3.5 Determination of Vane Shear Test 
This test is used to measure the shear strength of a sample of soft to cohesive soils is 
useful for soils of low shear strength for which triaxial or unconfined tests cannot be 
performed. 
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Figure 4.1 shows particle size distribution of S 1, S2, S3 and S4 from sieve analysis 
and hydrometer analysis. For calculation refer to Appendix B. For sieve analysis the 
particle size distribution is between 2mm to 0.063mm while hydrometer analysis 
gives readings from 0.06311lm to 0.00111lm. 
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Table 4.1 : Particle size distribution of S 1, S2, S3 and S4 
Percent finer (%) 
Size(mm) Type 
$1 $2 S3 S4 
2.000 Sand 85.60 71.41 93.93 87.88 
0.060 Silt 5.80 0.06 0.10 0.19 
0.002 Clay 8.60 3.39 5.43 8.65 
The particle size distribution curve in Figure 4.1 illustrates combination of sieve 
analysis and hydrometer analysis. The entire samples approximately show the same 
results where less than 35% of the soil is finer than 0.06mm. Sl sample demonstrate 
that about 86% of the soil contains sand and only 8.6% of it contains clay. S2 sample 
shows that 70% of the soil contains sand and the remaining of it is silt and clay. The 
percentage finer of S2 sample is not totally 100% because 26% of the soil not passing 
2mm due to the soil contains clay that absorb water and cause the particles to bond 
with each other and form large diameter of soil. Whereas S3 and S4 gives about the 
same results where samples predominantly contains more sand than clay. The 
presence of silt and clay is too low in this area. About 5% to 9% of the soil sample 
contains kaolinite minerals. 
Table 4.2 : Test data for Liquid limit, Plastic limit and Plasticity index 
S1 S2 S3 S4 
li(!Uid limit 32.20 38.00 36.50 38.00 
Pla$llc limit 26.87 27.81 28.02 29.15 
PlastiCity IndeX 5.33 10.19 8.48 8.85 
Table 4.2 shows the results of liquid limit and plastic limit test. For the calculation 
and graph refer to Appendix B. The liquid limit is empirically established moisture 
content at which a soil passes from the liquid state to the plastic state. It provides a 
means of classifying a soil, especially when the plastic limit is known. Three or fortt 
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test at varying moisture contents of soil is conducted and a graph off the moisture 
content corresponding to a corte penetration of 201imi is plot. From the lilieat gtaph 
(Refer to Appendix B), when the penetration is 20 mm, 32% to 38% is the moisture 
content for all four soils. 
The plastic limit is the empirically established moisture content at which a soil 
becomes too dty to be plastic. It is used together With the liquid limit to determine the 
plasticity index which when plotted against the liquid limit on the plasticity chart 
provides a means of classifYing cohesive soils. Fout tests were conducted on four 
different soils and the average value for the plastic limit is between 26% to 29%. 
These Values ate ill the range of typical plastic litnit for kaolinite which is 20 to 40%. 
Figure 4.2 : Plasticity chart 
Figure 4.2 show the plasticity chart for the classification of fine soils and the fmer 
part of coatSe soils. It is tised to detettrtirte the plastiCity of silt and clay. The resi.Jlts 
obtained from plastic limit test and liquid limit test are then used to get the plasticity 
index. Frotn the plasticity chart, it is found that all four samples lay in the range of 
intermediate in plasticity and below A-line which is MI. 
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Table 4.3 : Result from Particle Density test 
S1 S2 S3 S4 
Particle dens;, Mglm~ 2.63 2.60 2.63 2.60 
Table 4.3 show the result obtained from particle density experiment of the four 
samples. Refet to Appendix B fot the calculation. The speCific gravity or particle 
density of the soil particles should lie within the range of2.65 to 2.85. From table 4.3, 
the value obtain from experiment is between 2.60 to 2.63, hearer to the typical 
kaolinite range which is 2.6. 
Table 4.4 : Result ofV ane shear test 
81 S2 83 $4 
Vane shear strength, kpa 19.35 14.70 15.62 13.98 
Mosture content(%) 32.30 39.90 38.40 38.90 
Table 4.4 shows the result from laboratory vane shear test. From the calculation 
obtained, the vane shear strength of Tapah kaolin is between 13.98 kpa to 19.35 kpa 
(Refer to Appendix B). The values fall in the range where the undrained shear 
strtmgth is between 125 to 25 kpa. Since this soil is soft it can easily moulded with 
fingers and indented considerably with thumb. The moisture content is high and 
approximately nearer to the liquid limit of the soil. 
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Table 4.5 : Comparison Properties of Tapah Kaolin 
K.A. Kassim, Geological Survey of Malaysia Results from the experiments 
Data Source R. Hamir, K.C. 
Kok Zainol Abidin bin Sulaiman 
Area 6501 6502 6503 6504 51 S2 S3 S4 
Soil Tapah kaolin 
t(PJrsic-. ~ 
. . · .. )I ·•. .P . ..... · 
Particle density 2.64 2.63 2.60 2.63 2.60 
Liquid limit (%) 93 32.0 38.5 37:0 38.0 
Plastic limit (%) 43 26.9 27.8 28.0 29.0 
Plasticity index(%) 50 5.0 10.7 9.0 9.0 
2.hlticle siB dlstrlbllli9n 
Sand 6.0 85.6 70.41 93.93 87.88 
Silt 57.6 5.8 0.06 0.1 0.19 
Clay 36.4 25.9 5 6.7 - 8.6 3.390 5.43 8.65 
Clay Activity 1.37 0.58 3.24 1.66 1.04 
~.$011 ~-·Iff"'"'" 
BSCS CE Sandy clay SM sw sc sc 
uses MH SM sw SP-SC SW-SC 
AASHTO A-7-5 A-2-4 A-2-6 A-2-4 A-2-4 
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4.2 Discussions 
The three different standards in Table 4.5 (BSCS, USCS, AASHTO), classified that 
S 1 area is silty sand, S2 is well graded sand with few existence of clay in it whereas 
S3 and S4 are poorly and well graded sand with clay. Throughout the results obtained 
from four different samples, the types of soil in this area are prone to form sand rather 
than clay. This is due to hydrothermal alteration of the metasediments and granite 
because the samples collected located in granitoids area, refer to Appendix A. As 
from physical observation in this area, the soil is white or greyish white because the 
presence of quartz mineral iii soil. 
From the comparison made between all the properties obtained through experiments 
and other data sources of Tapah kaolin it is found that soil iii Tapah area consist of 
sandy clay (intermediate plasticity). Only certain location (unknown location 
investigated by K. A. Kassim) contains clay of extremely high plasticity. The Tapah 
kaolili soil is predominantly sand and only a few are found to be silt and clay. The 
data obtained from this sifidy can be used to support data at area 6504 since the area 
covered by the previous researchers is too large and they only ilivestigated the small 
parts of this zone (Refer to Appendix A). As for area 6504, no gram siZe analysis was 
conducted by the researcher on kaolin potential due to very high sand content. 
Climate does really affect the particle size distribution of a horizon. Heat, rain, wind 
and sunshine and other envitotunental fotces breakdown the parent material, affect 
the rate of soil formilig processes and resulting soil properties. In addition the area 
studied is iii granitoids area cause the granite to residue to kaolili after it is weather to 
sandy soils. The project already show that the climate and geology of Malaysia form 
kaolili soil which is predominantly sand nevertheless with some existence of kaolinite 
minerals in it. Table 2.1 shows that Kaolin in certain area like Britain and Israel has 





As conclusions, the results of the study show that all four samples of Tapah kaolin 
soil contain about 90% of sand and the remaining are silt and clay. As the author 
classified the soil by using three different standards, it can be classified that S 1 area is 
silty sand, S2 is well graded sand with few existence of clay in it whereas 83 and 84 
are poorly and well graded sand with clay. Types of soil in this mine are prone to 
fortn sand rather than clay. This is due to hydi'othertnal alteration of the 
metasediments and granite because the samples collected located in granitoids area 
refer to Appendix A. As from physical observation in this area, the soil is white or 
greyish white because the presence of quartz mineral in soil. The four samples of 
kaolin soil are low in Shear strength where the Undrained shear strength is between 






Based on the intensive study being taken by the author, it is found that the kaolin 
properties in the studied area gives different fact about kaolin soil as compared to the 
properties of kaolin from other country. There are a few areas that need further 
investigation by other parties which study can give better results and some 
modification to the soil. The author cannot perform better results or data since lack of 
samples due to tiine constraint artd difficult to get the slimples. In the future, mote 
samples from different distinguished and wide coverage area should be used to give 
complete data for this study. Undisturbed samples should be collected in variety of 
depth, for instance 1.5m, 3m, 4.5 m and etcetera. More tests should be carried out to 
determine the exact properties of the soil by performing Permeability test, Hydtaulie 
conductivity, Oedometer test or chemical test to check the mineral of the kaolin soil. 
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APPENDICES 
APPENDIX A: LOCATION MAP & PICTURES 
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Figure 3: Area investigated by the author 
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LEGEND 
1. Assoc!otod Koo!tn tnquttr!et Sdn. ·at~d. 
2. Faney THe Work-~ atit:l./ FOOno Mae Kaolin 
3. Shum Y!p Loong MlnlnQ Sdn. Blld 
4. Vnifed Cloy Producte Sdn. Shd 
5. Soon Bea Cloy {/14) Factory 
6. Kaolin IMolaytlol Sdn. Bhd. 
7. Hino Fott Cloy TrodlnO Co. 
9. FOo Ho Cloy Mining Co. 
9 Tee>: Hin Kaolin Facrory/Firll Koolln Foerory 
10. Soufh !;:on A~lo Kaolin Mlnln'il Sdn. 9hd. 
II. Poh Fott Tin MinD No.2 llnoct!11el 
12. Poh Felt Tin Mine No.4 IMon Foul 
13. Fao Nyten IMOIOyslol Sdn. ijhd. 
14. Techcero KoeHn, &ldor 
15. A$10- Ceromle a Ch•mlcol Ind. Sdn. 
16. Aelo- Ceromlo 0 1 Ind. Sdn .. 
I Ind. Sdn. 
Figur<; 4: Location of kaolin mines in Tapah-Bidor, Peral (Geological survey of 
Malaysia) 
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Figure 5: Kaolin occurrences in Tapah-Bidor, Perak (as investigated by Zainal Abidin 
Sulaiman, 1991) 
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Figure 6: Area of S3 
Figure 7: Area ofS4 
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APPENDIXB 
DATA AND CALCULATION 
Result of Sieve Analysis: 
Table 1 :Particle Size distribution of S 1 
I· Opening (mm} 1. Ma$S retained (g) .. Cumulation m•Ss retained (9) Percent finer 
2 0 0 100 
1.18 96.11 96.11 92.08 
0.6 101 197.11 83,76 
0.425 36.17 233.28 80.78 
0.3 42.25 275.53 77.3 
0.212 132.09 407.62 66.41 
0.15 339.79 747.41 38.42 
0.063 206.14 953.55 21.43 
0 260.1 1213.65 0 
Table 2:Particle size distribution of 82 
Opening <ilimJ M8ss~(g)·· cumulation m..s Ntilil'led (g) Perc;ent finer ·· 
·· .. · 
2 206.22 206.22 74.41 
1.18 87.74 293.96 63.52 
0.6 87.23 381.19 52.70 
0.425 55.03 436.22 45.87 
0.3 31.72 467.94 41.94 
0.212 33.62 501.56 37.76 
0.15 74.03 575.59 28.58 
0.063 202.26 777.85 3.48 
0 28.05 805.9 0.00 
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Table 3: Particle size distribution of S3 
li .Opl!ni~(p1fll) 1• ~~~Jf$d(~r·., ·;~~tljola~Ri~~t~-t]ul.•. P~~t~tlet 
2 5.46 5.46 99.46 
1.18 110.9 116.36 88.49 
0.6 160.65 277.01 72.60 
0.425 70.24 347.25 65.65 
0.3 60.8 408.05 59.63 
0.212 80.51 488.56 51.67 
0.15 250.86 739.42 26.85 
0.063 230.91 970.33 4.01 
0 40.56 1010.89 0.00 
Table 4: Particle size distribution of 54 
2 23.85 23.85 96.72 
1.18 90.25 114.1 84.30 
0.6 143.65 257.75 64.53 
0.425 81.01 338.76 53.38 
0.3 65.8 404.56 44.33 
0.212 50.8 455.36 37.34 
0.15 130.7 586.06 19.35 
0.063 80.2 666.26 8.31 
0 60.41 726.67 0.00 
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Figure 1: Particle size distribution of 8, 82, 83 and 84. 
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Results of Hydrometer Analysis: 
30 m--~q-lttlftHJfl-"lttlffiiiiOIWIAIOOAJtilii~--~----
l . · .. 
25 : .. ·· 
• 
20 _lj.." ·...._,;_:_;..;.__:_;_,;..~~....-:.2~£:::=::::;=;=:::':::::::!----1 
Hr 
Figure 2: Hr Vs Rh for 51 and 52 
Table 5: Test data for 51 
tlme(mln) Rh" Rh=Rh+Cm Hr D(mm) Rd k% 
0.5 1.031 1.0315 198.08 0.081392 1.0285 8.8182 
1 1.029 1.0295 198.09 0.057554 1.0265 8.8010 
2 1.0275 1.028 198.09 0.040698 1.0250 8.7881 
4 1.025 1.0255 198.10 0.028778 1.0225 8.7667 
8 1.022 1.0225 198.12 0.020350 1.0195 8.7410 
30 1.018 1.0185 198.13 0.010509 1.0155 8.7067 
120 1.0137 1.0142 198.15 0.005255 1.0112 8.6698 
480 1.0092 1.0097 198.17 0.002628 1.0067 8.6312 
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Figure 3: Particle size distribution curve-sieve and hydrometer analysis of S 1 
Site (mm) %finer 
2.000 100 
85.6% of sand 
0.060 14.4 
5.8% of silt 
0.002 8.6 
8.6% of clay 
-
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Table 6: Test data for S2 
time(min) Rh' Rh=Rh+Cm Hr D(mm) Rd k% 
0.5 1.009 1,0095 198.17 0,078158 1.011500 3.400109 
1 1.009 1.0095 198.17 0.055266 1.011500 3.400109 
2 1.009 1.0095 198.17 0.039079 1.011500 3.400109 
4 1.0085 1.009 198.17 0.027633 1.011000 3.398428 
8 1.008 1.0085 198.17 0.019540 1.010500 3.396747 
30 1.007 1.0075 198.18 0.010090 1.009500 3.393386 
120 1.006 1.0065 198.18 0.005045 1.008500 3.390024 
480 1.005 1.0055 198.19 0.002523 1.007500 3.386663 
1440 1.0025 1.003 198.20 0.001456 1.005000 3.378259 
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Figure 5: Hr Vs Rh for S3 and S4 
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lrre I medium 
silt 
Hi' D(mm) Rd k% 
188.36 0.079371 1.032500 5.55 
188.37 0.056125 1.030500 5.54 
188.37 0.039687 1.030000 5.54 
188.38 0.028063 1.028500 5.53 
188.39 (),()19844 1, ()?4(;()() M1 
188.42 0.010248 1.018500 5.48 
188.42 0.005124 1.016500 5.47 
188.44 0.002562 1.011500 5.44 







0.1 1 10 
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- I sand 




93.93% of sand 
0.060 5.53 
0.1% of silt 
0.002 5.43 5.43% of clay 
Table 9: Test data for S4 
time(min) Rh' Rh=Rh+Cnl Hr D(mm) Rd k% 
0.5 1.03 1.0305 188.36 0.079371 1.032500 8.85 
1 1.029 1.0295 188.37 0.056124 1.031500 8.84 
2 1.0275 1.028 188.37 0.039687 1.030000 8.83 
4 1.026 1.0265 188.38 0.028063 1.028500 8.82 
8 1.02 1.0205 188.40 0.019845 1.022500 8.77 
30 1.015 1.0155 188.42 0.010248 1.017500 8.72 
120 1.01 1.0105 188.44 0.005124 1.012500 8.68 
480 1.007 1.0075 188.45 0.002562 1.009500 8.66 
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Figure 7: Particle size distribution curve-sieve and hydrometer analysis of 54 
Size(mm) %finer 
2.000 96.72 
87.88% of sand 
0.060 8.84 
0.19% of silt 
0.002 8.65 8.65% of clay 
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Result of Liquid & Plastic Limit: 
Table 10: Liquid limit ofS1 
:•··· > LkliildNntitt~~Q .····· .. · 1 .··•···· .•... · .. 2 .···. •• • •••• ·.·· .···· ...... ··· .. . .. . ...•. .· .... \.3 .· •·· 
. ··.·. .•. . . . 
Average penetration (mm) 
mass of wet soil +container, w2 (g) 
mass of dry soil +container, w3 (g) 
mass of container, w1 (g) 
mass of moisture (g) 
mass of dry soil (g) 
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Table 11 : Plastic limit of S 1 
·.· ~ nlllif:T~ NCI 1. I. 2 3 ·.·· 4 Aver;~ge 
mass of wet soil +container, w, (g) 36.45 42.71 36.74 34.69 37.65 
mass of dry soil +container, Ws (g) 35.00 41.66 35.17 33.54 36.34 
mass of container, w, (g) 29.43 37.80 29.65 29.08 31.49 
mass of moisture (g) 7.02 4.91 7.09 5.61 6.16 
mass of dry soil (g) 5.57 3.86 5.52 4.46 4.85 
moisture content(%) 26.03 27.20 28.44 25.78 26.87 
PI= LL- PL = 32.2- 26.87 = 5.33 
Table 12: Liquid limit of S2 
.. 
. l.iqUid lllrilt test No ' 1 
. . .. · ' .. 
2 3 
Average penetration (mm) 19.5 21 28.8 
mass of wet soil +container, w2 (g) 36.4 28.1 26.4 
mass of dry soil +container, w3 (g) 34.4 26.0 24.0 
mass of container, w, (g) 29.2 20.7 19.6 
mass of moisture (g) 2.0 2.1 2.4 
mass of dry soil (g) 5.2 5.3 4.4 
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Figure 9: Liquid limit of S2 
Table 13: Plastic limit of S2 
·.·· ~~¢itlmltTil$tNI:I .•.•. 1 ..•. ·· .. ... · .2 •··· .. 3 . I 
4. ·••··. 
AvM:age ·.· .. 
mass of wet soil +container, w2 (g) 38.0 36.6 37.0 37.0 37.2 
mass of dry soil +container, w, (g) 36.2 35.1 35.4 35.2 35.5 
mass of container, w, (g) 29.1 29.6 29.6 29.4 29.4 
mass of moisture (g) 1.8 1.5 1.6 1.8 1.7 
mass of dry soil (g) 7.1 5.5 5.8 5.8 6.1 
moisture content(%) 25.35 27.27 27.59 31.03 27.81 
P/=LL-PL=38-27.81 =10.19 
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Table 14: Liquid limit of 53 
<. 
•··· .. ·t.~ulitlihtirr•.t~··.·· • • ••• ., .•. . .. I 2 . .. 1<···· .. ··~.···· .. ·. i ... ' < ' .. : •••..• · ... , ·" •..... · .• : ·.·· .· ... ' .. · 
·., .. · .. ·.· .. ' ·········. ' I ... 
Average penetration (mm) 16.5 22.2 24.4 
mass of wet soil +container, w2 (g) 41.3 43.6 45.3 
mass of dry soil +container, w3 (g) 38.3 40.4 43.3 
mass of container, w1 (g) 29.9 31.9 38.05 
mass of moisture (g) 11.4 11.7 7.25 
mass of dry soil (g) 8.4 8.5 5.25 
Moisture content(%) 35.71 37.65 38.10 
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Table 15: Plastic limit of 53 
1·. ....... · ..· 2 
•••••••••• 
a· .. ···. 
.4 ~~q~ .. . · .. . •.. •' : 
. · .. · ... 
_,'•" ·-,_ 
mass of wet soil +container, w2 (g) 34.4 40.3 37.74 35.7 37.04 
mass of dry soil +container, w, (g) 33 39.7 36.2 34.7 35.90 
mass of container, w, (g) 29.43 37.8 29.65 29.08 31.49 
mass of moisture (g) 4.97 2.5 8.09 6.62 5.55 
mass of dry soil (g) 3.57 1.9 6.55 5.62 4.41 
moisture content (%) 39.22 31.58 23.51 17.79 28.02 
PI = LL - PL = 43.28 -28.02 = 15.26 
Table 16: Liquid limit of 54 
·.·.··.··.· ... ··:· · .. i.. Witlli'iurilitt~•He · ... .... ·· .. · .. ··· ·, i ·.. 1 '' 
·2 · .. · ·.·', :f 
·······' ' ' ' > ''··········.· .•... ' ·.·. · .. · ,·· ·.·. '· ·.·· 
Average penetration (mm) 18.5 23.2 25.4 
mass of wet soil +container, w2 (g) 35.5 29.7 27.4 
mass of dry soil +container, w3 (g) 33.8 27.2 25.2 
mass of container, w1 (g) 29.3 20.7 19.6 
mass of moisture (g) 6.2 9 7.8 
mass of dry soil (g) 4.5 6.5 5.6 
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Figure 11: Liquid limit of S4 
Table 17: Plastic limit of S4 
c 
.. ~~ti,tlifJtitT·t~9C ci ,', ', I'.· .. t •.... · .. ··. 2 c., •• 3 c.··· 1· .. 4 ... 
mass of wet soil +container, w2 (g) 34.6 36.4 37.5 38 
mass of dry soil +container, Ws (g) 33.2 34.6 35.4 37.2 
mass of container, w, (g) 29.1 29.6 29.6 29.4 
mass of moisture (g) 5.5 6.8 7.9 8.6 
mass of dry soil (g) 4.1 5 5.8 7.8 
moisture content (%) 34.15 36.00 36.21 10.26 









Result of Particle density: 
51 S2 S3 S4 
Mass of jar + gas jar+ plate + soil + water (m3) g 1686.20 1720.2 1571 1610.4 
Mass of jar+ gas jar+ plate + soil (m2) g 738.00 750.3 695.2 706.4 
Mass of jar + gas jar + plate +water (m4) 9 1560.50 1587.7 1471.7 1504.8 
Mass of jar+ gas jar+ plate (m1) 9 535.00 535 535 535 
Mass of soil (m2-m,) 9 203.00 215.30 160.20 171.40 
Mass of water in full jar (m4-m1) g 1025.50 1052.70 936.70 969.80 
Mass of water used (m3-m2) 9 948.20 969.90 875.80 904.00 
Volume of soil particles (m.-m,)- (m3-m2) ML 77.30 82.80 60.90 65.80 
Particle density Ps = (m2-m,)/(m.-m1)-(m3-m,) Mg/m3 2.63 2.60 2.63 2.60 
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Table 18: Comparison Properties of Tapah Kaolin 
K.A. Kassim, Geological Survey of Malaysia Zaino! 
Data Source R. Hamir, 
abidin bin Sulaiman 
K.C. Kok 
Area 6501 6502 6503 6504 S1 S2 S3 S4 
Soil Tapah kaolin 
"~.flhJ$1c:al f)roJ~~tl!tilMI 
Particle density 2.64 2.63 2.63 2.63 2.63 
Liquid limit(%) 93 32.0 38.5 37.0 38.0 
Plastic limit(%) 43 26.9 27.8 28.0 29.0 
Plasticity index (%) 50 5.0 10.7 9.0 9.0 
.2,.Partie!e sl%8 di$tlibutl9"n 
Sand 6.0 85.6 70.41 93.93 87.88 
Silt 57.6 5.8 0.06 0.1 0.19 
Clay 36.4 25.9. 5 6.7 - 8.6 3.390 5.43 8.65 
Clay Activity 1.37 0.58 3.24 1.66 1.04 
-i.$olt 
ll~~at«!n. 
BSCS CE Sand}( clay SM sw sc sc 
uses MH SM sw SP-SC SW-SC 
ASCS A,7-5 A-2-4 A-2-6 A-2-4 A-2-4 
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Result of Vane shear test: 
S1· 
Deflection of spring, e, 26° 
Rotation of vane 17° 
Rotation of spring mounting 43° 
By interpolation; 
0.098- M = 0.098 - 0.07 4 
31-26 31-23 
M = 83Nmm 





= 19.35 kN/m2 
Moisture content : 
Weight of container (g) = 17.2 
Weight of container + sample (g) = 143.4 
Weight of container + dry sample (g) = 112.4 
Weight of sample (g) = 126.2 
Weight of dry sample (!l) = 95.2 
Moisture content (%) = 32.6 
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S2· 
Deflection of sprinQ, s, 20° 
Rotation of vane 15° 
Rotation of spring mounting 35° 
By interpolation; 
0.074- M = 0.074- 0.049 
23-20 23-16 
M = 63Nmm 








Weight of container (g) = 19.7 
Weight of container+ sample (g) = 171.8 
Wei!lht of container+ dry sample (!ll = 128.4 
Weightofsample(g)= 152.1 
Weightofdrysample(g)= 108.7 
Moisture content (%) = 39.9 
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S3· 
Deflection of sprin!l, e, 21' 
Rotation of vane 15' 
Rotation of spring mountin!l 36' 
By interpolation; 
0.074- M = 0.074-0.049 
23-21 23-16 
M = 67Nmm 






Moisture content : 
Weight of container (g) = 16.7 
Weight of container + sample (g) = 172.8 
Wei!lht of container+ dry sample (g)= 129.5 
W~ghtofsample(g)= 156.1 
Weight of dry sample (g) = 112.8 
Moisture content (%) = 38.4 
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S4· 
Deflection of spring, e, 
Rotation of vane 
Rotation of spring (Tlounting 
By interpolation; 
0.074- M = 
23-19 
M = 60Nmm 
Vane shear strength, Tv = 
= 
= 
Moisture content : 
Weight of container (g) = 
Weioht of container + sa mole (a l = 
Weight of container+ dry samole (!l) = 
Weight of sample (g) = 
Weioht of dry sample (g) = 







__ __,M~-- kN/m2 
4.29 
60 
4.29 
13.98 
19.2 
175.0 
131.4 
155.8 
112.2 
38.9 
